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ABSTRACT

New information is provided on the distribution, ecology and life history, threats, research needs and conservation status for Hall's

bulrush (Schoenoplectus hallii). Additional information is presented on taxonomy, the status of Hall's bulrush in each state where it has

been recorded, management recommendations , and the adequacy of any regulatory mechanisms in place to protect or manage the species'

habitat. A history is provided for previous evaluations of Hall's bulrush by the U.S. Fish and Wildlife Service, and the species' potential

as a candidate for official listing under the Endangered Species Act of 1973.

RESUMEN

Se aporta nueva informacion sobre la distribucion, ecologla y historia vital, amenazas, necesidades de investigacion y estado de conser-

vacion de la espadana (Schoenoplectus hallii). Se presenta informacion adicional sobre su taxonomia, el estatus de la espadana en todos

los estados donde se ha citado, recomendaciones sobre su manejo, y lo apropiado de cualquier mecanismo de regulacion para proteger o

manejar el habitat de la especie. Se aporta una historia de las evaluaciones previas de la espadana por el U.S. Fish and Wildlife Service,

y el potencial de la especies como candidata para estar colocada en la lista oficial de la Ley de Especies Amenazadas de 1973.

INTRODUCTION

McKenzie (1998) provided an initial range-wide conservation status assessment of Hall's bulrush (Schoenoplec-

tus hallii) (A. Gray) S.G. Smith, which included information on distribution, ecology and life history, threats,

research needs, and conservation status. Beatty et al. (2004) included a summary of some new information

on S. hallii in a conservation assessment for the species in Region 2 of the U.S. Forest Service (USPS), but the

main focus of their report was Kansas and Nebraska. Since McKenzie's (1998) analysis, new information on

the species' distribution, germination requirements, and threats to its continued existence has been reported.

The purpose of this paper is to summarize information received from published and unpublished reports

that have been completed since the 1998 assessment (McKenzie 1998). Due to the potential confusion of

S. hallii with the closely related S. erectus (Poir.) Palla ex J. Raynal and S. saximontanus (Pernald) J. Raynal,

reports of S. hallii throughout the United States were re-evaluated by Prnie Schuyler of the Philadelphia

Academy of Natural Sciences or S.G. Smith (Schuyler 1969; S.G. Smith, pers. comm.).

Taxonomy

Taxonomic nomenclature for plants used in this report follows Yatskievych (1999) or Yatskievych & Turner

(1990) except for Lesquerella Jendleri which follows Great Plains Flora Association (1986), S. erectus which

follows Smith (2002b), Nymphoides peltata which follows Gleason and Cronquist (1991), and Clarkia spring-

villensis, Lolium multijlorum, and Gilia achilleijolia which follow Hickman (1993).

Schoenoplectus hallii belongs to Schoenoplectus section Supini (Cherm.) J. Raynal, in the Cyperaceae.

Until recently the genus Schoenoplectus (Rchb.) Palla was generally included in the genus Scirpus L. sensu

lato (e.g., Gleason & Cronquist 1991; Tucker 1987; Schuyler 1969). Schoenoplectus sect. Supini has been

confused with S. sect. Actaeogeton, but it can be distinguished from that group by the frequent occurrence

J.Bot.Res.lnst.Texas1(l):457-481.2007



458 Journal of the Botanical Research Institute of Texas 1(1)

of amphicarpy (the production of solitary pistillate flowers enclosed in sheaths of basal leaves in addition to

bisexual flowers in spikelets at the culm tips), which occurs in all North American species in the section, the

lack of perianth (except rarely in basal flowers), and, in North American species, the presence of a cauline

leaf (Smith 2002b; Smith & Hayasaka 2001, 2002). Recent investigations have led to division of Scirpus

sensu lato into various segregate genera (e.g., Wilson 1981; Weber & Wittmann 1992; Strong 1994; Smith

1995, 2002b; Smith & Yatskievych 1996; Yatskievych 1999; Smith 2002b; Flora of North America Editorial

Committee 2002). Schoenoplectus hallii is currently recognized by most taxonomists as the correct name for

the species (Smith 1995). Raynal (1976) placed Schoenoplectus hallii in synonymy with S. erectus, but Smith

(1995) provided convincing evidence why Raynal's treatment was invalid. Today most taxonomists agree

that S. hallii is a valid, distinct species.

Schoenoplectus hallii is most similar to S. erectus, which is known from FL, GA, SC, TX, Mexico, South

America, Asia, Africa and Australia, and S. saximontanus. which is known from British Columbia, CA, CO? - -^-^.
y 7

—̂ * ? —^^
)

KS, MO, NF, OH, OK, SD, TX, UT, and Mexico (Smith 2002b).

Description

A small to medium-sized, tufted annual, with short rhizomes hidden among the aerial stem bases; culms

4-45 cm long, to 1 mmwide, stiff to flaccid, cylindric, leaves 3-4 basal and one cauline, blades 1-2 , 0.1-20

cm long, to 1 mmwide; lowest involucral bract sometimes resembling a continuation of the culm, 3-15

cm long, about one-half as long as the culm; inflorescence consisting of 1-7 sessile spikelets in a head-like

cluster, or rarely with 1 or 2 short branches; spikelets ovoid to lanceoloid, 5-20 mmlong, 2.0-3.5 mmwide;

spikelet scales 2.5 to ca. 4.0 mmlong, tan or pale orange -brown to straw-colored as they age, ovate, midrib

region often green, midrib projecting as a short cusp (mucro) past the body of the scale; solitary pistillate

flowers sometimes present at the base of the culm, enclosed by an encircling leaf sheath (most frequent late

in the flowering season); perianth bristles absent; stigmas 2 or 3 in basal flowers; achenes ovoid to obovoid

or nearly circular, base abruptly contracted to a short neck, apex with an abrupt beak 0.1 mmlong; concave

(rarely nearly flat) on one side and convex on the other, transversely rugose (corrugated) with about 15-18

conspicuous cross-wrinkles on each side, 1.3-2.0 mmlong, brown when young, dark brown to black at

maturity; basal achenes significantly larger (Smith et al. 2006), unequally 3-angled; 2n = 22.

Schoenoplectus hallii is very similar to the other two species of Schoenoplectus sect. Supini that occur

in North America: S. erectus and S. saximontanus (Smith 2002b). In contrast to the achenes of S. hallii as

described above, the achenes of 5. erectus are strongly convex on one side and slightly convex on the other

side and have 10-15 ridges on the most convex side. Both S. hallii and S. erectus can be distinguished from

S. saximontanus by their two-branched styles (three-branched in S. saximontanus) and by their two-sided

achenes (3 -sided in S. saximontanus), Schoenoplectus erectus differs from 5. hallii and S. saximontanus in the

color of its spikelet scales, which are bright orange on their bases and toward their tips.

Some specimens from a mixed population of S. hallii and S. saximontanus in Oklahoma have a high

percentage of aborted achenes or achenes that are morphologically intermediate between the two species

and may be hybrids (Magrath 2002; Smith et al. 2004). Some specimens from southwestern Georgia may

be S. erectus x 5. hallii hybrids (Smith 2002b).

Reported range

There is controversy in the literature concerning the historical range (pre-1981) of 5. hallii. Previous reports

from Alabama (U.S. Fish & Wildlife Service 1993), Colorado (Harrington 1954; Small 1972; U.S. Fish &
Wildhfe Service 1993), Florida (Beetle 1947; Koyama 1962; Radford et al. 1964; Mohlenbrock 1976; Great

Plains Flora Association 1986; Robertson et al. 1994), South Carolina (Radford et al. 1964; U.S. Fish &
Wildlife Service 1993), South Dakota (Great Plains Flora Association 1977), and Texas (Correll &Johnston

1970; Small 1972; Mohlenbrock 1976; Great Plains Flora Association 1986; U.S. Fish & Wildlife Service

1993; Beatty et al. 2004; O'Kennon & McLemore 2004) are either based on misdeterminations of 5. saxi-

montanus along the western edge of the species range, or misidentifications of S. erectus from the southern

United States (Rolfsmeier 1995; McKenzie 1998; Smith 2002b). Further, many county records from states
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where S. hallii has been documented, as reported by the Great Plains Flora Association (1977), were based

on misdeterminations of S. saximontanus (Rolfsmeier 1995; McKenzie 1998; Smith 2002b). A report for Or-

egon (Koyama 1962) was due to the misreading of the label on a specimen from near the village of Oregon,

Dane County, WI. A record for Decatur County, GA, based on a voucher specimen at the State of Georgia

Herbarium (T. Patrick, Georgia DNR, pers. comm.), had been previously re-determined by Schuyler (1969)

to beS. erismanae [= S. erectus (Schyuler, Philadelphia Academy of Natural Sciences, pers. comm.)], and four

collections from Baker and Decatur counties, GAand originally identified as S. hallii were redetermined by

S.G. Smith to be S. erectus (S.G. Smith, pers. comm.).

Based on verification of specimens by Schuyler or S.G. Smith, the documented pre-1981 range for S.

hallii is GA, IL, lA, KS, MA, MI, MO, NE, and WI (Table 1) (McKenzie 1998; Smith 2002b; Beatty et al.

2004). Schoenoplectus hallii has been extirpated from Massachusetts where it was last collected in 1908, and

the lack of documentation since 1946 suggests that the species may have been extirpated from Georgia

(McKenzie 1998; O'Kennon & McLemore 2004; NatureServe 2006). Schuyler or S.G. Smith has confirmed

the identification of specimens of S. hallii collected from 10 states within the last 25 years (Table 1) (Smith

2002b; O'Kennon & McLemore 2004). Texas has recently been included in the range of S. hallii based on

the discovery of the species in the state in 2003 (O'Kennon & McLemore 2004).

Apparent changes in distribution and status of S. hallii in the United States

For the following reasons, it is extremely difficult to assess any apparent changes in the distribution and

status of S. hallii: 1) population numbers of this species vary widely from year to year depending on the

availability of suitable wetland habitat, 2) populations may fail to emerge at some sites for many years, but

re-emerge when conditions are favorable for germination, and 3) the species is frequently confused with S.

saximontanus and 5. erectus.

Due to the persistence of the achenes in the seed bank, the Nature Conservancy considers any site where

S. hallii has been recorded within the last 25 years to be extant (Ostlie 1990; Ostlie & Gottlieb 1992). To

determine if there has been any apparent change in the distribution and status of this species, we followed

the Nature Conservancy's criterion and first analyzed all documented county and single locality records

of S. hallii older than 25 years (Table 1, Table 2; Fig. 1), Wecompared that information with documented

records of the species within the last 25 years (Table 1, Table 3; Fig. 2) and within the last five years (Table

1, Table 4; Fig. 3). Wefound that determining the exact number of records was problematic due to: 1) the

frequent misidentification of specimens, 2) the lack of specific locality data given for some collections, 3)

over-counting of populations that resulted when sites that were within 1 km of one another were recorded

as separate sites, and 4) the failure to monitor some known sites, especially during years when drought con-

ditions persist or when there was a lack of flooded conditions needed for germination and growth. Despite

these limitations, we obtained sufficient information for comparing records within the last five and 25 years

and what was known and confirmed historically.

Prior to 1981, S. hallii was documented at approximately 30 sites distributed across 15 counties in

nine states (Table 1, Table 2). Within the last 25 years, S. hallii has been confirmed from approximately

84 sites scattered across 26 counties in 10 states (Table 1, Table 2). The increased number of sites docu-

mented between 1981 and 2006 largely reflects recent surveys that were conducted in IL, MO, NE and

OK during years when conditions were optimal for the species (Table 1, Table 2). Over 79% of records

confirmed within the last 25 years have been from IL, MO, and NF (Table 1). Within the last five years,

S. hallii has been collected at 25 sites from 11 counties in only six states: eight sites in Missouri, six sites

in Nebraska, but only one site each in IL, IN, KY, MI, OK, and TX, and none in GA, lA, KS, or MA(Table

1, Table 4). The paucity of records within the last five years may be due to drought conditions that re-

duced available habitat or reflect a failure to monitor sites. In Wisconsin, abnormally high rainfall flooded

the only known site and prevented a survey in 2006 (S.G. Smith pers. comm.). Despite the fewer docu-

mented sites within the last five years, new populations have been recently confirmed for Indiana (M.

Homoya, braska (Steinauer 2001a,b), Oklahoma (Magrath 2002; Smith 2002b) and Texas (O'Kennon &
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Table 1. Approximate number of sites where Schoenoplectus hallll was documented historically (i.e., prior to 1981), or where

the species has been confirmed within the last 25 years, and within the last 5 years.

State Historical

Number of sites

Last 25 years Last 5 years

GA
lA

IN

IL

KS

KY

MA
Ml

MO
NE

OK
TX

Wl

Total

1

1

13

7

2

1

2

2

1

6

29

3

1

5

10

27
^

30

1

1

1

84

3

1

1

1

10

6

1

1

1

^

25

* Includes 14 ponds

Table 2. Counties with historical records of Schoenoplectus

/la//// prior to 1981.

Table 3. Counties where Schoenoplectus hallii has been

documented within the last 25 years.

State

GA
IL

lA

KS

MA
Ml

MO
NE

Wl

County State County

Dougherty

Cass, Mason, Menard

Muscatine

Harvey, Reno

Essex, Middlesex

Musl<egon

Howell, St. Louis

Holt, Rock

Dane

IL

IN

KS

KY

Ml

MO
NE

OK
TX

Wl

Alexander, Cass, Kankakee, Mason, Morgan

Daviess, Lake, Porter

Harper, Reno

Christian

Allegan, Muskegon

Howell, Scott

Brown, Garfield, Holt, Loup, Rock, Wheeler

Atoka, Comanche, Johnston

Wise

Dane

Table 4. Counties with documented records of Sc/ioenop/ectus

hallii within the past five years.

State County

IL

IN

MO
NE

OK
TX

Mason

Daviess, Lake

Howell, Scott

Brown, Holt, Rock, Wheeler

Comanche

Wise

Indiana DNR, pers. comm.), Ne McLemore 2004). It is likely that S. hallii has been extirpated from Massachu-

setts and possibly Georgia (McKenzie 1998; Smith 2002b; O'Kennon &McLemore 2004; NatureServe 2006).

Documented records of S. hallii suggest that it has always been a rare species in most states as reported

by Schuyler (1969; pers. comm.) and S.G. Smith (pers. comm.). While this still may be the case, the lack
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Fig. 1. Documented, historical county recotisoi Schoenoplectus hallii \n the United States prior to 1981.

of extensive surveys for the species in states vv^here there is abundant available habitat, and during years

when habitat conditions are suitable, prevents an accurate picture of the distribution of S. hallii in North

America.

Habitat and Life History/ Ecology

Schoenoplectus hallii is an obligate wetland species (Reed 1988; Swink &Wilhelm 1994; McClain et al. 1997;

McKenzie 1998; Penskar & Higman 2003; Beatty et al. 2004). Reported habitats are often characterized by

fluctuating water levels (Ostlie 1990; Ostlie & Gottlieb 1992; McKenzie 1998; Beatty et al. 2004; O'Kennon

& McLemore 2004). Schoenoplectus hallii has been described as a "specialized, primary successional plant

with a narrow niche" (G. Yatskievych, MOBOT,pers. comm.) that colonizes "sandy pioneer habitat" (Schuyler

1969), and it is usually found on bare soil where fluctuating water levels may prevent the establishment

of competing perennials (Schuyler 1969). It has been reported from the edges of ephemeral pools, sink-

hole and sand ponds (Schuyler 1969; Robertson et al. 1994; McClain et al. 1997; McKenzie 1998; Smith

2002b; Beatty et al. 2004), sandy clay ponds (O'Kennon & McClemore 2004) and sand prairies (Schuyler

1969; McKenziel998), sand pits (Bowles et al. 1990), ditches (Steinauer 2001a; Smith 2002b), wet places

in cultivated fields (Smith 2002b), ''silty, muddy flats" (Chester 1988), and "cattle trails that lead through

shallow-water wetlands and other depressions" (Beatty et al. 2004). Occasionally, the species can be found

in rocky or cobble habitat. Rocks are along the edges of the sinkhole pond habitat in Missouri (Schuyler

1969; McKenzie 1998) and the species was associated with "many cobbles" at the recent rediscovery site in

Wisconsin (S.G. Smith, pers. obs.).

During years when spring rainfall or high river levels create suitable wetland habitat, S. hallii can often
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Fig. 2. Documented, county records oi Schoenoplectus hallii in the United States within the last 25 years.

be found in abundance in the low depressions of cultivated fields in IL, KY, and MO(Chester 1988; Robert-

son et al. 1994; McClain et al. 1997; Missouri Natural Heritage Program 2006a). In drier years, these areas

lack wetland habitat and are cultivated for crops (Chester 1988; Robertson et al. 1994; McClain et al. 1997).

Although the species is usually associated with sandy soil, it can be found on exposed mudwith a high silt

content (Chester 1988). At one site in southern Missouri, Smith (2001) determined that S. hallii does not

survive below 14% soil moisture and inhabits soils with a range of organic matter from 0.3-2.6%.

Schoenoplectus hallii germinates sporadically from year to year depending on the availability of wet, ex-

posed habitat (Schuyler 1969; Penskar & Higmann 2003; Robertson et al. 1994). In some areas, the species

can disappear for long periods only to reappear when conditions are favorable for germination and growth

(Robertson et al. 1994; Chester 1988; McKenzie 1998; McClain et al. 1997; Penskar & Higman 2003). In

Illinois, populations can vary from hundreds of thousands of plants covering extensive areas in one year to

being entirely absent in other years (Robertson et al. 1994; McClain et al. 1997; McKenzie 1998; Beatty et

al. 2004).

The exact mechanisms necessary to initiate seed germination and development of mature plants are

only beginning to be understood. Smith (2001, 2002a, 2003) and Baskin et al. (2003) concluded that the

species requires a combination of flooding, ethylene and light for germination, and that dormancy, which

occurs in mature seeds, is more readily broken if flooded conditions occur in late spring and summer

rather than late winter or early spring. Smith & Houpis (2004) investigated gas exchange in response to

vapor pressure deficit in 5. hallii and determined that the stomates of the species do not close in response
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Fig. 3. Documented, county records oi Schoenoplectus hallii in the United States within the last 5 years.

to increasing drought. This condition imposes a constraint on the species, requiring that it take advantage

of optimal transient conditions to complete its lifecycle before conditions become unsuitable.

Studies by Smith (2001, 2002a, 2003) and Penskar & Higman (2003) have determined S. hallii can

produce a seed bank containing thousands of achenes. These achenes apparently remain dormant for de-

cades until conditions are optimal for germination and growth (Robertson et al.l994; McClain et al. 1997;

McKenzie 1998; Beatty et al. 2004; NatureServe 2006). This is a strategy noted for other species of sedges

(Baskin et al. 2000) and plants associated with desert environments (Venable & Lawlor 1980).

The biological and ecological significance of amphicarpy in S. hallii and other members o^ Schoenoplectus

Section Supini have received little attention in the literature. Browning (1992) suggested that amphicarpy

in the genus Schoenoplectus was environmentally induced due to a decrease in water levels. Others have

postulated that amphicarpy has evolved to protect fruits from herbivory or changes in microclimate (Bruhl

1994; Magrath 2002).

The dispersal mechanism for the transport of achenes of S. hallii is not known, but some have suggested

that the species is spread by migratory waterfowl (McClain et al. 1997; Beatty et al. 2004) that have been

found to transport the seeds of other plant species long distances (deVlaming & Proctor 1968; Dunn and

Knauer 1975; Powers et al. 1978; Kantud 1996). Magrath (2002) postulated that large herbivores such as

cattle and bison were the likely dispersal agents for achenes of S. hallii on the Wichita Mountains Wildlife

Refuge in Oklahoma, and Mike Homoya of the Indiana DNRhypothesized that the discovery of S. deltarum

(Schuyler) Sojak in Indiana was due to migrating waterfowl.
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Associated Species

Schoenoplectus hallii is usually associated with other wetland-adapted plants. Although associates have not

been provided for many sites, detailed data collected at others (e.g., Voss 1967; Robertson et al. 1994; Swink

& Wilhelm 1994; McClain et al. 1997; Steinauer 2001a; Penskar & Higman 2003; O'Kennon & McLemore

2004) reveal the following commonality of wetland-adapted taxa: Agrostis spp., Alisma spp., Ammania spp.,

Bacopa spp., Cyperus spp., Echinochloa spp., Eleocharis spp., Fimbristylis autumnalis (L.) Roemer & Schultes,)p., Fimbristylis autumnalis (L.) Roemer & Schultes,

., Leersia spp., Lindernia spp., Lipocarpha micrantha

num spp., Rhexia spp., Rhynchospora spp., Rorippa

Heterantha spp., Hypericum spp., Isoetes spp., Juncus spj

(M.Vahl) G. Tucker, Ludwigia spp., Lycopus spp.. Polygonum spp., Rhexia spp., Rhynchospora spp., Rorippa

spp., RotaZaramosior (L.) Koehne, Sagittoria spp., Schoenoplectus spp., Scirpus spp., Typha spp., and J^ris spp.

Echinodorus tenellus (Mart.) Buchenau var. parvulus (Engelm.) Fassett, a species for which the U.S. Fish &
Wildlife Service (USFWS) has concern and which is listed as endangered in most mid-western states, has

been recorded at S. hallii sites in GA, KY, MI, and at five sites in Missouri (Voss 1967; Chester 1988; Robertson

et al. 1994; McKenzie 1998; Penskar & Higman 2003; Missouri Natural Heritage Program 2006a).

State Accounts

Alabama. —Previous reports of S. hallii in Alabama are referable to S. erectus (S.G. Smith, pers. comm.)

and recent searches for the species have failed to document its occurrence in the state (A. Schotz, Alabama

Heritage Program, pers. comm.).

Colorado. —Previously published accounts of S. halliVs occurrence in the state (Harrington 1954; Small

1972; U.S. Fish &Wildlife Service 1993) are based on misdeterminations of S. saximontanus (Schuyler, pers.

comm.; Smith 2002b).

Florida. —There are no documented records of this species in Florida and investigations by Smith

(2002b) have determined that previous records of S. hallii from Florida are referable to 5. erectus.

Georgia. —Schoenoplectus hallii has been documented solely from Dougherty County (Schuyler 1969;

S.G. Smith, pers. comm.), and the species has not been collected in the state since 1966 (Patrick, pers.

comm.). Previous reports from Decatur and Baker counties have proven to be 5. erectus (Schuyler 1969). A

specimen taken in Decatur County by Thorne [collection number 6553 and identified as S. hallii, has not

been located (Patrick, pers. comm.)] nor examined by S.G. Smith (pers. comm.). Given that the specimen

was collected close to a site (and apparently in the same year) where Thorne collected (collection number

6536), a specimen of S. erectus that was misidentified as S. hallii (S.G. Smith, pers. comm.), it is likely that

the material is also S. erectus. Without knowing the correct identification of Thome's collection number

6553 and with no recent surveys being conducted for 5. hallii, the exact status of the species in this state is

unclear (McKenzie 1998; O'Kennon & McLemore 2004).

Illinois. —̂The type specimens for Schoenoplectus hallii were taken in Illinois (Gray 1863; Winterringer

1959; Schuyler 1969; Mohlenbrock 1976), and more records of the species have been documented here than

in any other state. It was historically recorded from Cass (Winterringer 1959; Schuyler 1969; Mohlenbrock

& Ladd 1978), Mason (Winterringer 1959; Schuyler 1969; Mohlenbrock 1976; Mohlenbrock & Ladd 1978),

and Menard (Winterringer 1959; Mohlenbrock 1976; Mohlenbrock & Ladd 1978) counties (Table 2). The

species was discovered in Alexander County in 1993 (T. Kleninger, Illinois Natural Heritage Database, pers.

comm.), and it was documented at 27 sites in Cass, Kankakee, Mason and Morgan counties following surveys

in 1993 (Robertson et al. 1994). Approximately 29 sites have been documented in the state within the last 25

years (Kleninger, pers. comm.) (Table 1). Populations ranged in size from "one plant to thousands of plants

forming nearly pure stands and covering several acres" (Robertson et al. 1994). In 1995, when habitat was

optimal for the species, some populations covered several acres and included hundreds of thousands of

plants that were observed in flooded agricultural fields that were too wet for farm equipment (McClain et

al. 1997; McKenzie 1998). Searches for S. hallii in Illinois in 1996 at the same sites yielded only one plant

and none in 1997 (B. McClain, Illinois DOC, pers. comm.). It has apparently been observed at only one site

in Mason County within the last five years (Bill McClain, pers. comm. 2006).

Indiana. —Schoenoplectus hallii was first discovered in Porter County in 1981 by Dritz et al. (Bowles et al.
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1990; Swink &Wilhelm 1994). It was later discovered at one site in Lake County and at two additional sites

in Porter County (Swink &r Wilhelm 1994; Homoya, pers. comm.; R. Hellmich, Indiana DNR, pers. comm.).

A sixth population was found in Daviess County in 2002 (Hellmich, pers. comm.). Population estimates at

these sites range from "a few plants" to "10,000+" plants at the new site in Daviess County (Homoya, pers.

comm.; Hellmich, pers. comm.). In 2006, the species was observed at the Daviess County site on 14 June,

which is the earliest date recorded for this species in the Midwest. Because there are no active searches for

S. hallii, it is not known if the species is more widely distributed in Indiana.

loM^a. —Iowa was mistakenly omitted from the range map for S. hallii in Smith (2002b). An 1890 record

for Muscatine County (Davidson 1959; Guldner 1960; Roosa et al. 1989) was recently confirmed (S.G. Smith,

pers. comm.). A very immature but identifiable Reppert s.n. collection taken from Muscatine County in

1890 was discovered and examined by S.G. Smith in 1997 at the Putnam Museumof History and Natural

Science in Davenport, Iowa (S.G. Smith, pers. comm.). The specimen that is the basis for a 1960 report from

Louisa County (Roosa etal. 1989), however, has not been located nor verified (S.G. Smith, pers. comm.; John

Pearson Iowa DNR, pers. comm.). Although Roosa et al. (1989), Robertson et al. (1994), McKenzie (1998),

and Beatty et al. (2004) reported that S. hallii was probably extirpated from the state, it is listed as a species

of "Special Concern" (Iowa Department of Natural Resources 2007) and Pearson believes that there is still

sand prairie habitat in Muscatine and Louisa counties that should be searched (pers. comm.).

Kansas, —Historically, S. hallii was reported from five counties (Great Plains Flora Association 1977); but

it has only been documented from three counties based on correctly-identified voucher specimens: Harper,

Harvey and Reno (R. McGregor, C. Freeman and C. Morse, University of Kansas, pers. comm.; S.G. Smith,

pers. comm.). Population estimates range from "a few plants" to "abundant" (McGregor and Freeman, pers.

comm.). The species has not been observed in the state since 1997 despite intensive surveys of sand prairie

communities by several investigators (Freeman, pers. comm.).

Kentucky. —Schoenoplectus hallii was first discovered in Kentucky by Chester in 1983 in Christian

County (Chester 1988). Since its original discovery, Chester has annually monitored the population at the

only known site in the state, where the numbers of plants have been estimated in the thousands (Chester,

Austin Peay State Univ., pers. comm.).

Massachusetts. —̂The occurrence of S. hallii in Massachusetts is based solely on historical collections

made in Middlesex and Essex counties. The species was recorded from along the shoreline of Winter Pond

in Middlesex County between 1876 (Schuyler 1969) and 1931 (Ostlie 1990). A second, undated specimen

taken from Essex County by Horner at S. Georgetown and reported by Sorrie (1987) and Ostlie (1990) is

housed at the NewEngland Botanical Club herbarium and has been confirmed by Schuyler (pers. comm.).

Sorrie (1987) reported that S. hallii has been extirpated from Massachusetts and stated that recent efforts to

find suitable habitat for the species had failed. Consequently, the species is believed to have been extirpated

in the state (McKenzie 1998; Smith 2002b).

Michigan. —First recorded at Carr Lake in Muskegon County in 1900 (Voss 1967), 5. hallii has since

been documented at four additional sites: two in Muskegon County and two in Allegan County (Brodowicz

1990; Penskar, Michigan Natural Features Inventory, pers. comm.; Penskar & Higman 2003). The species

was last collected in Muskegon County in 1988 and in Allegan County in 2002 (Penskar, pers. comm.). In

favorable years, S. hallii can be abundant at Michigan sites. Brodowicz (1990) estimated "hundreds of plants"

at a Muskegon County site he visited in 1988 and Penskar (pers. comm.) reported that numbers at Michigan

sites range from a few stems to tens of thousands of plants. Several years of intensive searching by experts

have failed to yield any additional populations, but Penskar & Higman (2003) reported that suitable habitat

exists that has not yet been surveyed. The failure to observe the species in Michigan since 2002 may be due

to the drought that persists at some localities in the Midwest (Penskar & Higman 2003).

Missouri. —Historically, S. hallii was known from Howell and St. Louis counties (Steyermark 1963).

The inscription "hills west of St. Louis" on a collection by Englemann in 1845 (five specimens in different

herbaria), which was cited in the original description, provides documented evidence of the species' oc-
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currence in St. Louis County (Yatskievych, pers. comm.). There are currently 10 extant sites in the state:

three are located along the edges of sinkhole ponds in Howell County and seven are along the edges of sand

depressions, swales, or ponds in Scott County (Missouri Natural Heritage Program 2006a). Population size

fluctuates widely from year to year at most of the extant sites. As few as four plants have been documented

at one of the sinkhole pond sites (T. Smith, Missouri DOC, pers. comm.), but hundreds of thousands of

plants were estimated in 1998 and 2002 at sites in Scott County during years when conditions were optimal

for the species (Missouri Natural Heritage Program 2006a). While sink-hole pond habitats in the state have

been intensely surveyed, additional searches in appropriate sandy swale habitat in Butler, Clark, Lewis, Mis-

sissippi, NewMadrid, Pemiscott, Ripley, Scott, and Stoddard counties are warranted. Only one population

was located during a search of extant sites in Scott County in August 2006 (McKenzie, pers. obs.). The lack

of occurrence at additional sites in 2006 is undoubtedly due to the dry conditions prevailing at the sites.

Nebraska. —Although The Great Plains Flora Association (1977) listed S, hallii from nine counties in

Nebraska, Schuyler (1969) and Rolfsmeier (1995) determined that the species was historically known only

from Holt and Rock counties. Other reported county records for Nebraska were based on misdetermina-

tions of S. saximontanus (Rolfsmeier 1995; Schuyler, pers. comm.; S.G. Smith, pers. comm.). In 1999, two

populations were discovered in Holt and Brown counties (Steinauer 2001a). Steinauer (2001a) subsequently

conducted a survey for S. hallii in 2000 and found an additional 18 populations, where plant numbers ranged

from 2 to 5,000+.

In 2001, Steinauer (2001b) discovered another four populations of Schoenoplectus hallii. Steinauer

(2001a, b) established new county records for the species in Garfield, Loup, and Wheeler counties (Table 3).

Twenty-seven extant sites of S. hallii have been documented in the state within the last 25 years, scattered

throughout six counties in the sandhills region of northcental Nebraska (Table 1) (R. Schneider, Nebraska

Natural Heritage Program, pers. comm.). Because it has been estimated that there are 19,300 square miles

(Knue 1997) of sandy habitat within the sandhills region of the state, ongoing surveys are likely to yield

additional new populations of this species (Steinauer 2001a). Further surveys are necessary before the status

of this species in the state can be more accurately assessed.

Ohio. —A report that the species occurs in Ohio (NatureServe 2006) is in error.

Oklahoma. —Prior to 2000, there were five reports of S. hallii recorded for Oklahoma from Atoka,

Comanche, Johnston, and Woods counties (Watson 1993; L.Watson, Oklahoma Biological Survey, pers.

comm.; P. Hernandez, pers. comm.; L. Magrath, University of Science and Arts of Oklahoma, pers. comm.).

Of these, three have been confirmed by S.G. Smith as S. hallii; one each from Atoka, Comanche, and Johnston

counties (S.G. Smith, pers. comm.). The others, one from Comanche County and one from Woods County,

were determined to be S. saximontanus (S.G. Smith, pers. comm.). In 2000, Magrath and refuge staff of the

Wichita Mountains Wildlife Refuge conducted surveys for S. hallii and S. saximontanus at 134 ponds on the

refuge (Magrath 2002). Schoenoplectus hallii was documented at 14 ponds, S. saximontanus at 10, and both

species at four ponds. Plants were typically found on ponds that were subject to seasonal drawdowns, and

population estimates ranged from one plant to several thousand (Magrath 2002). Despite being documented

at 14 ponds, personnel of the Oklahoma Natural Heritage Inventory in Norman consider the Wichita Moun-

tains Wildlife Refuge to have only one site until further examination of the populations on the Refuge can

be undertaken (B. Hoagland, pers. comm.).

Magrath (2002) noted the destruction of some populations of S. hallii on the refuge by livestock, but

acknowledged that such animals maybenefit the species by transporting achenes to other sites. In 2001, the

sites on the refuge were revisited to assess the status of 5. hallii and 5. saximontanus, and the predominance

of abnormal and aborted achenes was noted in several plants of both species (Smith et al. 2004). In 2002,

specimens of S. hallii, S. saximontanus and potential hybrids were collected (Smith et al. 2004) and those with

unusual achenes were independently determined by S.G. Smith and Schuyler as the first putative hybrids

recorded between S. hallii and S. saximontanus (Smith et al. 2004).

Further studies on the potential of hybridization of the two species on the Wichita Mountains Wildlife
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Refuge are warranted, as the possibility of hybridization (Seehausen 2004) may threaten the continued

existence of S. hallii in Oklahoma. Additional surveys should be conducted in Oklahoma populations and

confirmed sites should be monitored. Until such investigations are conducted and the extent of hybridiza-

tion is determined, the status of S. hallii in Oklahoma will remain unknown.

Oregon. —Koyama (1962) erroneously reported S. hallii from Oregon by misreading the label on a

J. Zimmerman (3444) near the small town of Oregon in Dane County, WI
1969).

South Carolina. —Previous reports for this species in South Carolina were based on misdeterminations

of S. erectus (S.G. Smith, pers. comm.).

South Dakota. —Previously published reports of S. hallii in South Dakota are based on misdetermina-

tions of specimens of S. saximontanus (S.G. Smith, pers. comm.; Schuyler, pers. comm.).

Texas. —Prior to 2003, it was concurred that all historical records of S. hallii for Texas were referable

to either S. erectus or S. saximontanus (S.G. Smith, pers. comm.; Schuyler, pers. comm.). The species was cor-

rectly reported in the state in 2003, when it was discovered in Wise County (O'Kennon & McLemore 2004).

The species is known to persist at three ponds on the Lyndon B. Johnson National Grasslands between April

and December (O'Kennon & McLemore 2004), but it may be present throughout the year (O'Kennon, pers.

comm.). O'Kennon & McLemore (2004) noted that S. hallii occurred along the margins of sandy clay ponds

that have widely fluctuating water levels. They estimated that there were ca. 200 individuals at each of the

small ponds, which merge into one site during periods of high water. The site is managed by the Forest

Service (O'Kennon & McLemore 2004).

Wisconsin. —Schoenoplectus hallii was first collected in Wisconsin in 1950 by J. Zimmerman at Lake

Barney in Dane County and it was rediscovered at Lake Barney in 1996 by S.G. Smith and J. Dobberpuhl

(S.G. Smith, pers. comm.). There were few plants at this small site in 1996 and they were apparently dwarfed

due to grazing by cattle or horses. Without some means of properly managing this site, S. hallii is threatened

with extirpation (S.G. Smith, pers. comm.). S.G. Smith, with J. Laatsch of the Wisconsin DNR, searched

the shore of Lake Barney in 2006 and did not find S. hallii, perhaps because of turbid water that obscured

much of the shore vegetation (S.G. Smith, pers. comm.).

Previous evaluations by the USFWS
Schoenoplectus hallii was listed as a category 2 candidate species in the USFWSs 1993 Plant Candidate Review

for Listing as Endangered or Threatened Species (58 FR 51 143-U.S. Fish & Wildlife Service 1993). Category

2 candidate species comprised taxa for which information indicated that a proposal to list as endangered or

threatened was possibly appropriate, but for which conclusive data on biological vulnerability and threats

were not currently available to support proposed rules. In 1995, the USFWSs Columbia, Missouri Field Of-

fice began a status review of 5. hallii and solicited information from species experts and botanists throughout

the range of the species. Data were summarized in an initial range-wide status assessment completed in

1998 (McKenzie 1998).

On 5 Dec 1996, the Director of the USFWSestablished new policy on the definition of candidate spe-

cies (formerly category 1) and outlined how the USFWSwould consider species for which they remained

concerned (formerly category 2 or C2) (61 FR 64481-U.S. Fish and Wildlife Service 1996). Under the new

policy, candidates are defined as those species for which the USFWShas on file sufficient information on

biological vulnerability and threats to support issuance of a proposed rule to list as endangered or threatened,

but issuance of the proposed rule is precluded by other listing actions.

Former C2 species for which the USFWSlacks sufficient information to classify as candidate species will

no longer be enumerated on an official list. Nonetheless, other agencies that have developed extensive data

bases on former C2 species (e.g., The Nature Conservancy; state natural heritage programs) will continue

to monitor these species and maintain communication with the USFWSto help determine when sufficient

information is available to warrant their addition to the USFWS's list of candidate species.
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Summary of Threats

A. The present or threatened destruction, modification, or curtailment of the species^ habitat or

range, —Although a clear picture of the overall distribution of S. hallii is currently not possible without

additional survey work being conducted during years when habitat is suitable, several known populations

are subject to a multitude of threats. The greatest threats to Hall's bulrush involve the destruction and/or

alteration of its wetland habitat (Ostlie & Gottlieb 1992; Robertson et al. 1994; McKenzie 1998; Penskar &
Higman 2003; Beatty et al. 2004; NatureServe 2006). Range-wide, the lowering of water tables, depletion

of ground water for irrigation, and changes to the hydrology supporting S. hallii habitat may be the most

important factors that threaten the continued existence of the species (McKenzie 1998; Steinauer 2001a;

Beatty et al. 2004). Any alteration to the hydrology that continually supports this habitat would disrupt

the cycles necessary for this species' germination and establishment (Ostlie 1990; Robertson et al. 1994;

Steinauer 2001a). Freeman (pers. comm. in Ostlie 1990; Morse, pers. comm.) postulated that groundwater

depletion in Kansas may have lowered the water table such that wetland habitat favorable for the species is

now being created less often than occurred historically, and Knue (1997) implied that ditching and pumpin

water from groundwater sources within the Nebraska sandhills for agriculture and domestic livestock may

negatively impact wetland habitat. Many records of S. hallii for Nebraska are from this region of the state

(Rolfsmeier 1995). The depletion of groundwater aquifers has also been identified as a threat to S. hallii in

Illinois (S. Horn, Illinois TNC, pers. comm.). In Missouri, center-pivot irrigation may be lowering under-

ground aquifers that contribute to flooded conditions in sand prairie swales (Bob Gillespie, Missouri DOC,

pers. comm.). The alluvial aquifer in Missouri provides more than 7 billion gal of water per day for row crop

agriculture in the area (Kleiss et al., 2000), resulting in a recession of groundwater from the shallow ponds

in the region. Smith & Houpis (2004) determined that S. hallii did not respond physiologically to drought

conditions, but continued to transpire until plants were desiccated. Because of this failure to respond to

dry conditions, Smith (2003) concluded that for the species to complete its life cycle, groundwater levels

must remain within 1 mof the surface throughout the growing season in Missouri, and Steinauer (2001a)

suggested that elevated ground water levels in excess of 1 mabove normal water levels were necessary to

provide habitat in the Nebraska sandhills.

Schoenoplectus hallii thrives when fluctuating water levels create the temporary, wet habitat that prevents

the establishment of competing perennials (Ostlie 1990; Robertson et al. 1994; McClain et al. 1997; Schuyler

1969). Robertson et al. (1994), however, noted that inundation will kill flowering plants of S. hallii if risin

waters overtop the plants following germination and establishment. Schuyler (pers. comm.) postulated that

the permanent inundation of the only known historical site in Massachusetts is responsible for the disap-

pearance of the species there. Schuyler (1969) stated, "It appears that S. hallii grows in unstable habitats of

sandy substrates, pioneer habitats from the standpoint of plant succession, which are well-suited for the

growth ofS. hallii but few other species of flowering plants. The restriction ofS. hallii to this kind of unstable

sandy pioneer habitat probably accounts for its unusual localized distribution."

The habitat of S. hallii is threatened by residential, commercial, agricultural, and recreational develop-

ment (McClain et al. 1997; McKenzie 1998; Beatty et al. 2004). In Kentucky, the largest portion of the only

known site in the state was recently destroyed during activities associated with a new truck stop adjacent

to a major highway (D. White, Kentucky State Nature Preserves Commission, pers. comm.). The remainin

portion of the site is also threatened from the tillage associated with planting crops (Chester 1988). Although

Illinois supports the largest number of populations of S. hallii within its range, the species' existence in that

state is threatened with the continued and widespread alteration of its habitat for agricultural and residen-

tial development (McKenzie 1998; Beatty et al. 2004; NatureServe 2006). The largest populations known

for the species in 1995 were destroyed in Illinois due to tillage in 1996 and 1997, when drier conditions

enabled farmers to plow wetland habitat (McClain et al. 1997; McKenzie 1998). Some sites in the state are

threatened due to the filling of sand ponds for development and agriculture and the drainage of wet sand

habitat to increase agricultural production (McClain et al. 1997).
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Schoenoplectus hallii in Michigan is subject to threats in the state including dredging and filling operations

associated with residential development (Crispin & Penskar 1990), off-road vehicle use and trail bikes, (Ostlie

1990; Penskar & Higman 2003), and the potential alteration of the natural hydrology of wetland habitat

by local industries (Crispin & Penskar 1990; Penskar & Higman 2003). The only site in Porter County, IN

is also threatened due to heavy recreational use (Homoya, pers. comm.), and Steinauer (2001a) identified

ditch maintenance as a potential threat to populations in Nebraska that occur in road-side ditches. Penskar

(pers. comm.) noted that one site on private property in Michigan is negatively impacted through shoreline

modifications by heavy equipment.

Heavy grazing has been noted at sites in KS, MO, NEand WI, but it is not known whether this type of

disturbance negatively impacts the species (Freeman, pers. comm.; Steinauer 2001a; Magrath 2002). Some

populations of S. hallii are threatened from various chemical contaminants or herbicides. Portions of one of

the larger Illinois' populations were destroyed in 1995 due to application of post-emergent herbicides (B.

Meyers-Croteau, Illinois State University, pers. comm.). A historical site in Massachusetts was negatively

impacted by storm-water runoff, septic effluent, and herbicides that were used to control unwanted species

(Sorrie 1987; B. Sorrie, pers. comm., in Ostlie 1990). The application of numerous chemicals associated with

agricultural practices throughout the species' range may inhibit achene germination (Rojas-Garciduenas et

al. 1962; Kozlowski and Sasaki 1968), seedling development (Eliasson & Palen 1972) and growth (Musarrat

& Haseeb 2000), or prevent sexual reproduction (Nartvaranant et al. 2004).

Woodyencroachment and the spread of exotic plants have been identified as threats to 5. hallii in various

portions of the species' range (Sorrie 1987; McKenzie 1998; Steinauer 2001a; Beatty et al. 2004; Rolfsmeier

& Weedon 2005). It is threatened by late-successional perennials in areas where early to mid-successional

habitat is not maintained or regulated (Bowles et al. 1990; Robertson et al.l994). Purple loosestrife (Ly thrum

salicaria L.) was identified as a threat to S. hallii in Indiana, Massachusetts and Nebraska (Sorrie 1987; McK-

enzie 1998; Steinauer 2001a; Beatty et al. 2004; Rolfsmeier & Weedon 2005). Sorrie (pers. comm. in Ostlie

1990) suggested that the establishment of Lythrum salicaria at a historical Massachusetts site prevented any

reestablishment of 5. hallii there, and Bowles et al. (1990) asserted that a Lake County, IN site was also

threatened by this exotic species. Rolfsmeier & Weedon (2005) noted that leafy spurge {Euphorbia esula L.)

may be a potential threat to S. hallii in the future in Nebraska as this aggressive exotic is near extant sites.

The species is also threatened by competition from reed-canary grass (Phalaris arundinacea L.) and various

buckthorn (Rhamnus) species (S.G. Smith, pers. comm,).

An analysis was recently conducted in Missouri that outlined all known threats to sand prairies in the

state, which included seven of the ten known S. hallii sites. Threats identified that were not discussed above

included: 1) changes in ownership that could result in a lack of management, 2) land leveling associated

with agricultural and industrial operations that modify or destroy sandy swale habitats, 3) disruption of

overland flood events by flood control infrastructures (levees, ditches, berms, etc.), 4) reductions in the

frequency of overland flood events necessary to create suitable habitat for germination and plant growth,

5) destruction of sandy habitats due to quarrying for sand or disposal of garbage or refuse, 6) pollution of

groundwater or surface waters that support the species, 7) the loss of landowner agreements or management

and support capabilities, 8) disinterest of landowners and conservation land managers in the development

and implementation of management techniques necessary to maintain the habitat, and 9) the lack of outreach

support to the public on the importance of maintaining sandy swale habitat (Gillespie, pers. comm.).

While the distribution of S. hallii is not well understood, the threats to many of the populations are of

such magnitude that proper maintenance and management of habitat is needed to ensure the continued

existence of this species.

B. 0\er-utiliz(ition for commercial^ recreational^ scientific^ or educational purposes. —There is little

evidence that this species is being negatively impacted due to over- utilization for commercial, recreation,

scientific or educational purposes.
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C, Disease orpredation. —It has been postulated by S.G. Smith (pers. comm.) that S. hallii maybe threatened

by predation from increasing populations of mute swans (Cygnus olor) and Canada geese (Branta canadensis).

These waterfowl species readily feed on the vegetation and achenes of bulrushes (Martin et al. 1951). In ad-

dition, climate models for the Midwest predict that the increasing incidence of extreme weather events will

cause an increase in the number of insect pests that damage native vegetation (Rosenzweig et al. 2000).

D. The inadequacy of existing regulatory mechanisms. —Schoenoplectus hallii currently has a NatureServe

ranking of G2 (globally imperiled because of rarity or some factor(s) making it very vulnerable to extinction

or elimination) and is listed as SI (critically imperiled) in all states where it is considered extant, except for

Michigan, Missouri and Nebraska where it is listed as S2 (imperiled) (Missouri Natural Heritage Program

2006b; NatureServe 2006). These rankings, however, do not provide any regulatory protection for S. hallii

or its habitat.

In some states, S. hallii is given special designations separate from the Nature Conservancy ranking.

Schoenoplectus hallii is listed as endangered in Kentucky (Kentucky State Nature Preserves Commission

2007), a species of special concern in Iowa (Iowa Department of Natural Resources 2007), threatened in

Illinois (Herkert & Ebinger 2002; Illinois Endangered Species Protection Board 2007), endangered in In-

diana (Indiana Department of Natural Resources 2007), threatened in Michigan (Michigan Department of

Natural Resources 2007; Michigan Natural Features Inventory 2007), status unknown in Oklahoma and

Texas (Oklahoma Biological Survey 2007; The Nature Conservancy of Texas 2007), and endangered in

Wisconsin (Wisconsin Department of Natural Resources 2007).

In Illinois, some protection is provided to any plant species that is state listed by the Illinois Endangered

Species Protection Board (2007) following regulations outlined under the Illinois Endangered Species Pro-

tection Act (Illinois Department of Natural Resources 2007a; Michigan State University 2007). Under this

statute, individuals are prohibited from: 1) taking state listed plants without the expressed written permis-

sion of the landowner or 2) selling or offering for sale plants or plant products of endangered species on the

Illinois list (Illinois Department of Natural Resources 2007a; Michigan State University 2007). Additionally,

consultation is required for any state funded project that could adversely affect state listed species (Illinois

Department of Natural Resources 2007b).

Little protection is afforded S. hallii under Indiana law, but personnel with the Indiana Department

of Natural Resources have an opportunity to provide input on state-funded projects that could negatively

impact the species (Homoya, pers. comm.). Endangered or threatened plants can not be taken in Michigan

without a permit (Penskar, pers. comm.), as they are protected under the Endangered Species Act 451 of

1994 (Part 365; Michigan Legislature 2007) of Michigan (Michigan Department of Natural Resources 2007;

Michigan Natural Eeatures Inventory 2007; Michigan State University 2007).

In Nebraska, S. hallii is listed as a Tier 1 At-Risk Species as part of the Nebraska Game and Parks

Commission's Natural Legacy Project (Nebraska Game& Parks Commission 2007a). This program is part

of the state's development of a Comprehensive Wildlife Strategy that has been initiated in all 50 states (Ne-

braska Game& Parks Commission 2007b). Nebraska's listing of S. hallii as Tier 1 At-Risk Species does not

provide any regulatory protection status to the species, but the designation has heightened awareness of the

species' management needs and the Nebraska Department of Roads proactively consults with the Nebraska

Gameand Parks Commission for highway projects that may impact the species (Schneider, pers. comm.).

Schoenoplectus hallii can not be collected in the state without a permit (Schneider, pers. comm.).

A state listing as endangered provides little protection for S. hallii in Wisconsin under state statutes

29.604 and NR(Natural Resources) 27.03-NR27.07 (Wisconsin Legislature 2007a, b; Michigan State Univer-

sity 2007). Under Wisconsin law, the taking of 5. hallii is prohibited without a permit under section 27.05.

Permits are not required, however, for persons who want to take this or other state listed species: 1) on

property which they own or lease or for which they have been granted landowner permission, except if the

plants or their progeny are sold or processed, 2) on property that is being used for agriculture, construction.
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or forestry practices, or 3) on property that is being operated or maintained as a utility facility [Michigan

State University 2007; Wisconsin Legislature 2007b- 27.05 (3)].

State endangered species statutes exist for IN, KS, MO, NE, OK, and TX but plants are not covered

under state laws for these states. A summary of all state statutes is available at the Animal Legal & Historical

WebCenter of the Michigan State University College of Lav^ ( ^ j ^

E. Oihernatural or man-made factors affecting its continued existence. —Population isolation. —Because

of human modification to the landscape (Robertson et al. 1994; McKenzie 1998; NatureServe 2006), suitable

habitat for the species has been reduced to small, isolated transient wetlands. As a result, populations of S.

hallii are small and often widely separated, some by several hundred miles. Reduction in population size is

accompanied by loss of genetic variation, which reduces the ability of the population to adapt to changing

environments and increases the risk of extinction (Barrett & Kohn 1991 ; Newman& Pilson 1997). Ellstrand

& Elam (1993) concluded that in small populations, fitness is likely to decrease because of the fixation of

deleterious recessive alleles. This was confirmed in a field study of Lolium multijlorum Lam., which had

reduced vigor and reproductive capacity with decreasing population size (Polans & Allard 1989). The loss

of fitness may not become evident until later stages in the species' life cycle. In small populations of Gilia

achilleijolia Benth., inbreeding depression was expressed as decreased survivorship of seedlings, rather than

in seed production or germination (Schoen 1983). Others (Frankel & Soule 1981; Holtsford & Ellstrand

1991) determined that inbreeding depression, and a greater threat of extinction, was higher in populations

with an increased rate of selfing. Although the mating system of S. hallii has not been studied, the terminal

flowers are perfect and have the potential for self fertilization. This subject warrants further study.

Loss of seed hank integrity. —̂While populations of S. hallii are frequently isolated, in years optimal

for germination, they may be extremely large, presumably due to the regeneration of the population from

a persistent seed bank (McClain et al. 1997). A large, persistent seed bank, however, does not necessarily

result in a restoration of the genetic variation or the vigor of the original population. Wienhold and van der

Valk (1989) determined that the number and density of seeds in a seed bank decreases after 10 or more years

when wetlands are drained for extended periods. It is likely that the same losses apply to habitats occupied

by S. hallii during extended dry years and that such declines are accelerated by such agricultural practices

as plowing, disking, or harrowing that damage seeds in the soil (Smith 2001).

It is generally accepted that older seeds have reduced viability (Roberts 1973) and increased chromo-

some breakage and gene mutation (Murata et al. 1982; Murata et al. 1984). Levin (1990) maintained that

genetic and chromosomal changes associated with a long-lived seed bank provide novel genetic variation for

the evolution of a species and are inherently beneficial. Others disagree with this assessment (e.g., Hamilton

1994) and empirical evidence is inclusive. Mean heterozygosity among plants derived from the seed bank

was lower than that existing in surface plants oi Lesquerella Jendleri (A. Gray) S. Wats. (Cabin et al. 1998),

while in Clarkia springvillensis Vasek, it was concluded that the seed bank could act as a buffer against the

small population effect by supplying plants with greater heterozygosity than that existing in the above-

ground population (McCue & Holtsford 1998). Populations regenerated from a seed bank sometimes show

evidence of inbreeding depression and a decline in performance of seedlings. After restoration of a popula-

tion oi Nymphoides peltata (Gmelin) O. Kuntze from a seed bank, Takagawa et al. (2006) reported that there

was a negative effect of inbreeding depression and noted that genetic variation and growth performance

of seedlings derived from the seed bank were significantly reduced. It is, therefore, important to examine

genetic makeup and chromosomal damage and their effects on survival and genetic composition of popula-

tions of S. hallii, as well as the longevity of seeds in the soil, before it can be assumed that the seed bank is

representative of a viable population.

Hybridization. —A threat of hybridization between S. hallii and 5. saximontanus exists in Oklahoma (Smith

et al. 2004) and one site in Kansas where the two species are sympatric (Freeman, pers. comm. 2006). Smith

(2002b) also reported that a specimen taken from the coastal plain of Georgia was intermediate between S.
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hallii and S. erectus. It is not known if anthropogenic practices have potentially altered the distribution of S.

hallii in relation to its closely related congeners. Magrath (2002) noted that S. hallii and S. saximontanus co-

occurred at four ponds on the Wichita Mountains Refuge and Smith et al. (2004) reported the first putative

hybrids between the two species from material collected on the refuge. Although S. hallii and S. saximontanus

were documented in 1997 from the same locality in Harper County, KS, a cursory examination of specimens

of both species from the locality indicated no evidence of hybridization (Freeman, pers. comm. 2006). A

more organized and thorough examination of individuals in the population at this locality may also reveal

the presence of hybrids as occurred in Oklahoma (Smith et al. 2004). Because waterfowl are known dis-

persal agents for various sedges, including 5. hallii (Dunn & Knauer 1975; McClain et al. 1997; Beatty et al.

2004), it is possible that the management of various wetlands/impoundments for waterfowl may increase

the potential of S. hallii mixing with its more commoncongeners, S. saximontanus and S. erectus.

According to conservation geneticists, hybridization poses a serious threat to the survival of a rare

species that hybridizes with a closely related congener (Levin et al. 1996). Although the extinction of rare

species typically is attributed to systematic environmental change that renders the habitat unsuitable (Har-

rison 1991; National Research Council 1995), hybridization may have a profound effect on the persistence

of a species (Rieseberg 1991; Ellstrand 1992; Rieseberg & hinder 1999).

Hybridization promotes the extinction of rare species by reducing the potential for plants to replace

themselves, thereby inhibiting the growth of their populations —the lower the rate of growth, the greater the

potential for extinction in a variable environment (Menges 1992). Hybridization may reduce a population's

growth rate by adversely affecting its reproductive effectiveness, its competitive status and its interactions

with herbivores (Levin et al. 1996).

The growth rate of a population may be retarded by the production of hybrid seed, which is produced

in place of the rare species, i.e., resources are limited and an investment in hybrid seed reduces the amount

of energy that can be allocated to conspecific seed. The outcome is the same whether the hybrid seeds abort

or are viable. Whenhybrid seeds are produced by both a rare species and its abundant congener, a numeri-

cally small population will produce a higher percentage of hybrid seed than the more numerous related

species when the two are intermixed (Felber 1991; Levin et al. 1996). Species have a number of defenses

against interbreeding; however, closely related congeners often have weaker barriers to hybridization and a

greater minority disadvantage (Levin et al. 1996).

The numerical disadvantage of a rare species is compounded by the proliferation of fertile hybrids. The

addition of these plants to a population containing two related plants decreases the proportional representa-

tion of the rare species. In time, this backcrossing can result in the assimilation of the rare species whose

genetic identity will become extinct (Rhymer & Simberloff 1996). Over evolutionary time, the DNAof the

former rare species may be lost from the gene pool altogether (Rieseberg et al. 1996).

Climate change. —Schoenoplectus hallii can disappear from sites during periods of drought, only to

reappear when flooded conditions exist (Robertson et al. 1994; McClain et al. 1997; Penskar & Higman

2003; McKenzie 1998; Beatty et al. 2004). Global warming and climate change could contribute to loss of

wetland habitat required by this species by causing droughts to be more extensive and persistent, especially

in the Midwest where drought conditions have persisted for several years, and are predicted to continue with

increasing frequency in the future (Hansen 1989; Rosenzweig et al. 2000). Climate models indicate that

high temperatures and an increase in pests (Rosenzweig et al. 2000) and other invasive species (Vitousek

1994) will accompany the increased frequency of droughts and other extreme events (Dai et al 1996). Global

warming and climate change have increasingly been identified as factors which may contribute to the loss

of biodiversity and extinction of imperiled species (Wilcove et al. 1998; Thomas et al. 2004; Maschinski et

al. 2006), but only Beatty et al. (2004) have addressed the issue for S. hallii.

Changes in crop production and ethanol demand. —Habitat for S. hallii is threatened due to projected

changes in agricultural development, especially corn production that is needed for increasing demands for

ethanol production (Keeney and Mueller 2006; U.S. Department of Agriculture 2007). Keeney and Mueller
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(2006) estimated a 254% increase in volume of water used in ethanol production from 1998 to 2008 for

only one state in the Midwest. Corn production for ethanol plants is projected to increase in 2007 by 14.2%

in Illinois (U.S. Department of Agriculture 2007), the state with largest number of extant sites for S. hallii

(Table 1). Nebraska has the second largest number of extant sites for the species (Table 1) and large areas

of unsurveyed habitat, but Keeney and Mueller (2006) postulated that increasing demand for ethanol pro-

duction may result in competing water uses in that state. Increased demands for water from above ground

sources and underground aquifers could prevent the formation of important wetland habitat needed by S.

hallii throughout the Midwest.

Ownership, current protective status, habitat protections or management

Few of the extant sites of S. hallii in the United States receive protective status and only a small percentage

of sites documented within the last 25 years are actively managed to maintain habitat for the species. Of

the 84 sites recorded for the species within the last 25 years, approximately 16 (- 19%) are under public

ownership. The remaining 81% are privately owned, which could make them potentially vulnerable to

habitat change that may threaten the species at these sites. The only known sites in Kansas and Kentucky

are under private ownership, as are the majority of sites in Illinois, Missouri and Nebraska. The existence of

S. hallii populations on public land, however, does not guarantee that the habitat will be properly managed

and maintained to ensure the persistence of the species. The S. hallii site at Horseshoe Lake Conservation

Area in Illinois is also under public ownership, but there is no management plan for the species (McClain,

pers. comm. 1996).

Schoenoplectus hallii is protected and actively managed at four of the five sites in Michigan. Two sites

on the Allegan State GameArea are under the jurisdiction of the Wildlife Division of the Michigan DNR.

They are protected by barriers that control access, and are regularly patrolled and managed (Penskar, pers.

comm. 2006). One site in Muskegon County is located within a dedicated Research Natural Area on the

USFS's Huron-Manistee National Forest, and a second site is protected as part of a nature preserve owned

by the Michigan Nature Association (Penskar, pers. comm. 2006). Three sites at the Indiana Dunes National

Lakeshore are owned by the National Park Service; however, Bowles et al. (1990) reported that at least one

site is threatened by succession and the spread of purple loosestrife.

The one site for S. hallii in Oklahoma is on a USFWSWildlife Refuge, but the species is not covered under

a management plan (C. Kimball, Wichita Mountains Wildlife Refuge, pers. comm.). Specific management

actions may be included for the species when the refuge develops a 15-year Comprehensive Conservation

Plan (CCP) (Kimball, pers. comm.), but the initiation of such a plan has not yet been scheduled (U.S. Fish

& Wildlife Service 2007).

Two of the sinkhole pond sites in Howell County, MOare registered under the Nature Conservancy's

Registry Program (T. Smith, pers. comm.), but the program is not regularly maintained (D. Ladd, Missouri

TNC, pers. comm.). Landowner agreements that exist for two sites in Scott County, MOwill likely maintain

habitat for the species into the foreseeable future, but continued support for the agreement is unpredictable

if there is a change in ownership (Gillespie, pers. comm.).

In Nebraska, two sites (South Pine WMAand Twin Lakes WMA)are on public land, but one of the sites

is within a few miles of a population of purple loosestrife (Steinauer 2001a). The listing of S. hallii as a Tier 1

At-Risk Species will ensure that it is a priority for conservation efforts and a focus for various management

plans (Schneider, pers. comm.; Nebraska Game& Parks Commission 2007c).

The only known 5. hallii site in Wisconsin is on prison grounds, which is under public ownership, but

the site has limited access (Anderson, pers. comm.). There is no management plan in place to benefit the

species at this site (Anderson, pers. comm.).

The only known site in Texas is on the Lyndon B. Johnson National Grasslands, but no information on

management actions for the species was identified by O'Kennon and McLemore (2004).

Management actions needed

While the management of S. hallii sites is probably necessary for its continued existence, the success of such
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efforts maybe difficult due to tlie specific fiabitat requirements for tfiis wetland-adapted plant (Bowles et al.

1990). Ostlie (1990) recommended that extant sites of the species should be protected from human distur-

bance and that the hydrological cycles necessary for the creation and maintenance of its habitat should be

preserved. Robertson et al. (1994) suggested that the acquisition of extant sites should be a priority. In areas

where land acquisition is not feasible, easements that incorporate various management agreements may be

the best approach for maintaining and protecting S. hallii habitat. The Nature Conservancy's Registry Program

could be an efficient method of managing populations on private land, but the lack of active participation

due to limitations in time and personnel will limit the usefulness of the program. Various state-initiated

landowner contact programs may also be helpful in managing the species over a long-term basis such as

the Landowner Incentive Program (LIP) implemented in many states. The USFWS's Partners for Fish and

Wildlife Program could be helpful in assisting landowners in the management of S. hallii on private land.

Perhaps the greatest potential for managing habitat to benefit the species will be through the development

and implementation of each state's comprehensive wildlife strategy similar to the one in Nebraska (Nebraska

Game& Parks Commission 2007b).

Management plans should be developed for the few sites that are publicly owned. Such plans should

include the following recommendations: 1) protect and maintain the hydrology essential to the species, 2)

retard plant succession, 3) control competing perennials, especially aggressive exotics, 4) control off-road

vehicle use, 5) develop active public outreach and education programs, and 6) support the development of

long- term monitoring programs and active research on the species.

Research needs

Additional research on the life history and ecological requirements of S. hallii, as undertaken by Baskin et

al. (2003), Penskar & Higman (2003), Smith (2001, 2002a, 2003), Smith & Houpis (2004), Smith et al.

(2006), and as identified by Beatty et al. (2004), are needed to better understand the population dynamics

of this species. Investigations that compare reproduction from achenes versus perennial growth from the

species' short rhizomes need to be undertaken. Although initial germination and life history dynamics for

terminal achenes have been established (Baskin et al. 2003; Penskar & Higman 2003; Smith 2001, 2002a,

2003; Smith et al. 2006), further research is warranted to more clearly pinpoint the environmental factors

necessary for germination and establishment of S. hallii achenes. The role of amphicarpy in the life history

of the species needs evaluation, including studies of the mating systems of both terminal and basal florets.

Additional research should be initiated to determine the relationship of wetland hydrology to the population

dynamics of S. hallii, especially the role of surface flooding and underground aquifers and groundwater in

the creation of habitat for the species. Studies to identify the dispersal mechanisms that enable the species

to colonize new areas would be valuable. The germination of achenes oi Schoenoplectus spp. can apparently

be enhanced when they pass through the digestive tracts of birds (deVlaming & Proctor 1968; Powers et

al. 1978; Kantud 1996). Similar studies involving the achenes of S. hallii should be initiated to determine if

birds help facilitate dispersal of this species.

Examinations of additional specimens are necessary to clarify the historical and current distribution of

the species (e.g., specimens from GA, lA, and OK) (S.G. Smith, pers. comm.). Additional surveys are necessary

to better delineate the range of S. hallii, provided they are conducted during years when habitat conditions

are favorable to the species and specimens can be examined by experts who can accurately distinguish the

species from its close relatives. An examination of precipitation patterns may be useful in predicting what

years the species is more likely to emerge. Voucher specimens should be confirmed by either S.G. Smith or

Ernie Schuyler. The communities and ecological associates that occur with S. hallii should be further char-

acterized, which will enable researchers in the future to develop adequate search-images for the species.

Studies should be initiated that examine the effects of grazing, controlled burning and other types of

disturbance (e.g., off-road vehicle use, trail bikes, burning, mowing, disking) on the species. Population

genetics studies need to be conducted to determine the amount of variation and gene flow within and among

populations. Studies of the population and genetic consequences of recruitment from a long-lived seed
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bank need to be conducted to clarify the current definition of "extant sites" as represented by the presence

of achenes in the soil. Monitoring efforts need to be initiated for all extant populations, especially those

populations that appear annually and are not as cyclic in their occurrence as at other sites within the species'

range. The report of a putative hybrid between S. hallii and S. saximontanus at the Wichita Mountains Wildlife

Refuge in Oklahoma (Smith et al. 2004) suggests that hybridization is a threat at sites where conspecifics are

sympatric. Thus, further investigations that examine the extent of hybridization at Oklahoma and Kansas

sites should be initiated to determine if S. hallii is threatened from genetic swamping or genetic dilution.

Schoenoplectus hallii would benefit from additional seed viability studies and from research that examines

enetic differences between and among populations. Finally, the impacts of global warming and climate

change on the loss of wetland habitat for the species should be evaluated by conducting studies similar to

analyses for other species (e.g., Hannah et al. 2002; Pearson & Dawson 2003) and incorporating the results

into long-term management plans.
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